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EXECUTIVE SUMMARY 


The United States Navy Chief of Naval Operations Assessment Division (N81) 
prepares and justifies plans for long-range capital expenditure on ships, submarines and 
aircraft. These plans are important and by their nature complicated: They involve 
spending billions of dollars over decades and they have a profound impact on the future 
effectiveness of the Navy. These plans have to consider capacities of shipyards and 
factories, and they must rationalize and reconcile the continued interoperability of the net 
result of all decisions over time. 

N81 currently uses a spreadsheet-based decision support tool for capital planning 
called Extended Planning Annex/Total Obligated Authority (EPA/TOA). EPA/TOA was 
commissioned by N81 to estimate the full cost of procuring and operating a complete 
long-term force structure. EPA/TOA is a descriptive model, and given an input of a 
complete spending plan, EPA/TOA yields an accounting of the estimated long-run cost of 
this plan using generally accepted cost forecasting methods. Unfortunately, preparing a 
force structure 5сепапо іп ЕРА/ТОА 15 labor-intensive work, so preparing many 
competing scenarios in search of long-range improvement is not feasible given the time 
pressure always governing this planning. 

Capital Investment Planning Aid (CIPA) has been developed for N81 as an 
optimization-based decision support tool. Given an input of long-range force structure 
requirements, costs and rules governing candidate procurements and retirements of major 
weapons systems, and other planning guidance, CIPA suggests an optimal portfolio of 
investments and actions. CIPA has been prototypically demonstrated for a 25-year plan 
with a realistic subset of US Navy ships, submarines and aircraft, and a representative 
subset of budget funding categories. 

Generalizing Procurement Planning for Naval Ships and Aircraft (GENSA), the 
subject of this study, extends CIPA to include additional Navy ship classes and aircraft 
types, and incorporates the Manpower Navy (MPN) funding category not considered by 
CIPA. GENSA has a planning horizon of 30 years, 29 mission areas, 45 ship classes, 30 
aircraft types, and 13 production facilities. GENSA follows CIPA in recognizing cost 
categories Ship Conversion Navy (SCN), Aircraft Procurement Navy (APN), and 
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EXECUTIVE SUMMARY 


The United States Navy Chief of Naval Operations Assessment Division (N81) 
prepares and justifies plans for long-range capital expenditure on ships, submarines and 
aircraft. These plans are important and by their nature complicated: They involve 
spending billions of dollars over decades and they have a profound impact on the future 
effectiveness of the Navy. These plans have to consider capacities of shipyards and 
factories, and they must rationalize and reconcile the continued interoperability of the net 
result of all decisions over time. 

N81 currently uses a spreadsheet-based decision support tool for capital planning 
called Extended Planning Annex/Total Obligated Authonty (EPA/TOA). EPA/TOA was 
commissioned by N81 to estimate the full cost of procuring and operating a complete 
long-term force structure. EPA/TOA is a descriptive model, and given an input of a 
complete spending plan, EPA/TOA yields an accounting of the estimated long-run cost of 
this plan using generally accepted cost forecasting methods. Unfortunately, preparing a 
force structure scenario in EPA/TOA is labor-intensive work, so preparing many 
competing scenarios in search of long-range improvement is not feasible given the time 
pressure always governing this planning. 

Capital Investment Planning Aid (CIPA) has been developed for N81 as an 
optimization-based decision support tool. Given an input of long-range force structure 
requirements, costs and rules governing candidate procurements and retirements of major 
weapons systems, and other planning guidance, CIPA suggests an optimal portfolio of 
investments and actions. CIPA has been prototypically demonstrated for a 25-year plan 
with a realistic subset of US Navy ships, submarines and aircraft, and a representative 
subset of budget funding categones. 

Generalizing Procurement Planning for Naval Ships and Aircraft (GENSA), the 
subject of this study, extends CIPA to include additional Navy ship classes and aircraft 
types, and incorporates the Manpower Navy (MPN) funding category not considered by 
CIPA. GENSA has a planning horizon of 30 years, 29 mission areas, 45 ship classes, 30 
aircraft types, and 13 production facilities. GENSA follows CIPA in recognizing cost 
categories Ship Conversion Navy (SCN), Aircraft Procurement Navy (APN), and 
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Operating Maintenance Cost Navy (OMN), and adds MPN. The goal of GENSA is to 
provide an omniscient long-term plan that considers so much high-fidelity detail that the 


post-optimization analysis with EPA/TOA will be much easier. 


ХМ 


I. US NAVY CAPITAL BUDGETING FOR SHIPS AND 
AIRCRAFT 


The United States Navy Chief of Naval Operations Assessment Division (N81) 
prepares and justifies plans for long-range capital expenditure on major Navy weapons 
systems, such as ships, submarines and aircraft. These plans are important: they commit 
spending of billions of dollars over decades, and they have a profound impact on the 
force structure and effectiveness of the future Navy. These plans are by their nature 
complicated: they consider the influence over time that major procurements have on 
shipyards and factories, they evaluate the potential contributions of new war fighting and 
manufacturing methods and technologies, and they must rationalize and reconcile the 
continued interoperability of the net result of all decisions over time. 

N81 uses a spreadsheet-based decision support tool for capital planning called 
Extended Planning Annex/Total Obligated Authority (EPA/TOA) [System Planning and 
Analysis 2000]. EPA/TOA was commissioned by N81 to estimate the full cost of 
procuring and operating a complete long-term force structure. EPA/TOA is a descriptive 
model, and given an input of a complete procurement and retirement plan, EPA/TOA 
yields an accounting of the estimated cost of this plan using generally accepted cost 
forecasting methods. Unfortunately, preparing complete candidate long-range capital 
plans is labor-intensive work, so preparing many competing scenarios in search of long- 
range improvement is not feasible given the time pressure always governing this 
planning. 

Capital Investment Planning Aid (CIPA) has been developed for N81 as an 
optimization-based decision support tool, and given an input of long-range force structure 
requirements, costs and rules governing candidate procurements and retirements of major 
weapons systems, and other planning guidance, CIPA suggests an optimal portfolio of 
investments and actions [Field 1999]. The motivation of CIPA is to offer an omniscient 
long-term starting point for detailed, myopic local analysis and adjustment with 
EPA/TOA. CIPA has been prototypically demonstrated for a 25-year plan with a realistic 
subset of US Navy ships, submarines, and aircraft, and a representative subset of budget 


funding categories. 


Generalizing Procurement Planning for Naval Ships and Aircraft (GENSA), the 
subject of this thesis, extends CIPA to include additional Navy ship classes and aircraft 
types, and incorporates the Manpower Navy (MPN) funding category not considered by 
CIPA. The goal of GENSA ıs to provide an omniscient long-term plan that considers so 
much high-fidelity detail that the post-optimization analysis with EPA/TOA can be 


reduced. 


П. HOW THE NAVY PLANS ITS CAPITAL BUDGET 


A. IWAR FORCE STRUCTURE ANALYSIS 

Warfare Architecture Assessment Planning Process (IWAR) was adopted by the 
Navy in 1998 to improve overall Navy program planning by establishing a single 
organization to develop comprehensive, end-to-end analysis of warfare capabilities [US 
Navy 2000]. Force Structure is one the supporting components of IWAR. Force 
Structure focuses on “assisting Navy leadership (to) best match available resources, with 
desired capabilities, in the near, middle, and far terms.” Force Structure analyzes 
alternate procurement and retirement plans for ships, submarines and aircraft within fiscal 
year budgets. A primary Force Structure goal is to quantify the effect of Ship Conversion 
Navy (SCN) and Aircraft Procurement Navy (APN) programs in terms of dollars and 


capability. 


B. EPA/TOA, VAMOSC, AND THEIR COST ESTIMATES 

N81 uses EPA/TOA [System Planning Analysis 2000] for IWAR Force Structure 
analysis. EPA/TOA 15 а descriptive spreadsheet model that estimates the cost of a 
specified scenario, including the procurement cost of a given force structure and the 
operating cost of this force structure over predefined service lives. EPA/TOA uses many 
of the estimates of costs and cost interdependence among systems from a normative 
statistical analysis of Naval Visibility and Management of Operating and Support Costs 


(VAMOSC) [Kelly 2000a]. Naval Center For Cost Analysis [2000] describes VAMOSC. 


E HOW EPA/TOA IS USED 

N81 typically uses EPA/TOA by carefully tending a few alternate base cases that 
are each completely fixed for the first five years. For casual identification, such a base 
case might be named, for instance, RAD6, after the EPA/TOA Resource Allocation 
Display feature that is used to express the scenario, and the scenario number. To respond 
to some emergent question, N81 selects a referent base case and an excursion might 
involve changing the quantity and/or procurement schedule in SCN (or in APN) and then 


observing the financial impact over some planning horizon [Burton 2000]. This is error 
3 


prone because alterations to SCN or APN procurement plans require synchronous 
changes to many spreadsheets and manual checks to confirm that force structure 
requirements are still met, that capacity of industrial facilities is still used efficiently, and 


that all the other nuances of the seminal base case are retained. 


D. CAPITAL INVESTMENT PLANNING AID (CIPA) 

Capital Investment Planning Aid (CIPA) ıs an optimization-based decision 
support tool to help Navy planners improve long-range capital budgeting for force 
structure [Field 1999]. GENSA extends CIPA and shares all attributes of CIPA described 
below. 

СТРА imitates the data and cost estimating assumptions of EPA/TOA. However, 
CIPA also considers as input budget restrictions, capacity of production facilities, force 
level requirements, and other planning guidance. CIPA employs a mixed-integer linear 
program that explores all feasible alternate candidate plans, and recommends purchase 
years and quantities for a 25-year planning horizon covering eight mission areas, 19 ship 
classes, five aircraft types, five production facilities, and three categories of money. 
CIPA replaces much of the manual work required to prepare complete scenarios for 
EPA/TOA, and the optimization can be used to suggest alternate plan portfolios more 
rapidly than a manual analysis could expect to discover with EPA/TOA. Finally, CIPA 
mimics good manual planning practice by looking for opportunities to improve the 
quality of plans by allowing constraint violations as long as the cost of these violations 
can be more than repaid elsewhere. For instance, with individual ships costing billions of 
dollars, cases arise where violating an annual ship construction budget by a few million 
dollars is amply rewarded within a year by avoiding the cost and disruption of a delay 
that is otherwise unjustified. 

CIPA inputs include annual force level requirements by class of ship or type of 
aircraft, minimal and maximal industrial facility utilization for producing ships and 
submarines, scheduled retirement deadlines from EPA/TOA, and annual lower and upper 
limits on Total Obligated Authority (TOA). CIPA recognizes budgets in three categories: 
Ship Conversion Navy (SCN), Aircraft Procurement Navy (APN), and Operating 
Maintenance Cost Navy (OMN). 


CIPA permits any portion of the capital plan to be fixed, so it is easy to fix Ше 
first five years imitating an EPA/TOA base case. Procurement costs follow a specified 
pattern that might start a year or two before production and extend through the year of 
production. OMN costs are incurred for the entire year of delivery. Aircraft are 
delivered two years after procurement. 

CIPA expresses key constraints as elastic goals [e.g., Brown, Dell, and Wood 
1997]. These goals may be violated, but such violation inflicts a linear penalty cost per 
unit of violation. Further, these goals may be expressed cumulatively, so that any 
violations that arise in the course of the planning horizon persist over time and continue 
to inflict penalties until they are corrected. CIPA treats the TOA budget band, limits on 
production facility utilization, and mission inventory targets as goals. CIPA evaluates 
procurement and retirement plans by minimizing the present value of the sum of all 
penalties inflicted over the planning horizon. CIPA recommends an optimal portfolio of 
annual procurements and retirements over a planning horizon typically extending 25 
years. As a practical matter, while the length of this planning horizon is limited by the 
ability to forecast future requirements and alternatives, it exceeds the useful life of 


weapons systems under consideration. 


E. MILITARY CAPITAL BUDGETING LITERATURE 


Field [1999] presents a literature review that is still current at this writing. 
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I. OPTIMIZING PROCUREMENT PLANNING OF NAVY SHIPS 
AND AIRCRAFT 


A. GENERALIZING PROCUREMENT PLANNING AND EXTENSIONS OF 
CIPA 


GENSA generalizes CIPA in several ways. GENSA considers additional ship 
classes and aircraft types that the US Navy currently operates or anticipates operating. 
GENSA has a planning horizon of 30 years (FY01-FY30, where FYO1-05 are fixed), 29 
mission areas, 45 ship classes, 30 aircraft types, and 13 production facilities. GENSA 
follows CIPA in recognizing cost categories SCN, APN, and OMN. Table 1 summarizes 
CIPA mission areas and related ship, submarine and aircraft types. Tables 2 and 3 


present SCN and APN mission areas introduced by GENSA. 


Mission Ship Classes And 

Destroyers 
Cruisers 
Carriers 
Attack Submarines 
Amphibious Assault Ships 
Landing Dock Ships 
Amphibious Transport Ships 
Fighter Aircraft 


Table 1 CIPA modeled Mission Areas and platforms. 
Table 1 represents a prototypical subset of mission areas and associated ship classes and 
aircraft types. A typical mission area requirement might be to maintain at least 89 
combatant destroyers (FFG, DDG, DD, or DD21) in the US Navy fleet. 











О) 

















SCN Ship 
Mission Areas Classes 















TAGOS1, TAGOS19, TAGOS23 





Table 2 GENSA Modeled SCN mission areas. 
Table 2 presents an extended set of SCN mission areas and associated ship classes. In 
addition to mission areas introduced by GENSA, those in CIPA are redefined and 
extended to include new ship classes such as DDGX, CG21, and LSDX. 


GENSA treats a few ship classes as a fixed exogenous expense because they are 
few in number, diminish in the near term (before FY10), and do not have corresponding 
future programs. These ship classes, LST-1179, MCS-12, AGF-11, AGF-3, AE-26, 
AFS-1, and AFS-8, are included in MPN cost calculations because they appear in 


EPA/TOA. 

















АРМ 


Utility Aircraft С12, 0СХ 
744, МЕТХ 


Tr i 

Tr T45, 

MV22, CH46E, CHS3D 
Table 3 GENSA Modeled APN mission areas. 

GENSA has an extended set of APN mission areas and aircraft types. The CIPA fighter 

aircraft mission area has been generalized in GENSA to include the Marine Corps JSF 

and AV8B aircraft types. 


aining Aircraft Group 1 
aining Aircraft Group 2 45, JTTX 
aining Aircraft Group 3 


GENSA treats some aircraft types as a fixed exogenous expense for one or more 
of the following reasons: the type is few in number, the number is not expected to change 
over time or diminishes in the near term (before FY10), the inventory level is not known 
precisely, the aircraft is difficult to associate with a specific mission category, or there is 
no corresponding future program for planning purposes. Such types include F-5EF, EA-6, 
EP-3, R/NP-3, DC-9, C-40, C-20, C130, P-3AB, T-2, T-38, T-39, TC-18, AH-1W, 
UH/HH-1N/Y, O/TH-6, VRH (CH-60), SH/VH/UH-3, and JRA. These aircraft types are 
included in MPN cost calculations because they appear in EPA/TOA. 


B. MANPOWER AND MPN CALCULATIONS IN GENSA 
GENSA calculates the officer and enlisted manpower costs associated with ships 
and aircraft for its recommended force structures by incorporating VAMOSC data [Naval 


Center for Cost Analysis 2000]. MPN is not considered by CIPA. 


Table 4 shows how VAMOSC ship data Cost Element Structures (CES) are 


arranged to estimate MPN and MPN costs for a single DDG class surface ship. Future 


ship classes and aircraft types are assumed to mimic their most similar present 












correspondents. All costs are in FYOOS. 
Average Officer| Average Enlisted] Average Enlisted 
Manpower Manpower Complement 


Years 
Cost per Ship Cost per Ship 


р р р 
FYS2 


Average Officer 
Complement per 












Number Of 












FY95 1,467,964 9,034,536 | 310] ap 6 
FY96 1,448,718 8,825,840 






FY97 1,411,270 8,706,772 16 
РҮ ЭВ 1,953,801 10,512,777 






4 
Averages | 1576451] 92208] 28] 23. 
Table 4 MPN costs for the DDG surface combatant class. 
MPN costs are estimated by averaging the yearly cost of officer and enlisted manpower 
complements. Data is taken from VAMOSC ship data. GENSA uses these class averages 
for DDG and for its future variant DDGX. 





Because the Officer Manpower Navy and Enlisted Manpower Navy cost elements 
are not available for all aircraft types in VAMOSC aircraft data [Andrews 2000], MPN 


cost is estimated for similar aircraft types. 
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Table 5 shows the average military aircraft personnel costs estimates. 


Average 
Military Personne! Aircraft 
Years Cost per Aircraft ($) |Inventory 


Average | 3963288 | 


Table 5 Military personnel costs (MPN) for FA-18 aircraft. 
GENSA uses the average (MPN) cost for all variants of FA-18 type aircraft (FA-18AB, 
FA-18CD, FA-18EF) as well as for Navy and Marine variants of the Joint Strike Fighter. 





















C. OPERATING AND MAINTENANCE COST (OMN) IN GENSA 
GENSA estimates Operating and Maintenance (OMN) cost for each ship class 
and aircraft type from VAMOSC data. Table 6 shows how four major VAMOSC cost 


elements contribute to the OMN cost for DDG surface combatants. 


Average Direct | Average Direct Average Indirect 
Intermediate — | Depot Maintenance | Operating And | Average Total 
Maintenance | And Modernization | Support 

Cost per Ship |Cost per Ship |Cost per Ship Cost per Ship 


— eee ee 





Table 6 DDG average OMN cost. 
GENSA estimates the OMN cost from VAMOSC for DDG surface combatants as shown 
(FYOOS). The same cost is used for the future variant class DDGX. 


11 


Table 7 displays the six major cost elements of VAMOSC aircraft data that 


incorporate average total OMN cost of a FA-18 aircraft type. All costs are in FYOOS. 


Average Average Average 
Average Training Recurring Other 
Organizational | Intermediate Support Investment Functions |Average Total] Total 
Cost per Cost per Cost per Cost per OMN Cost 
Aircraft Aircraft Aircraft Aircraft per Aircraft 


FYe8 | 669762 _ 183,796] 84979 206,209] А 2524 13776] _ 1,161,044] 418 
FY91 [| 889,388 18496) 68610 220.446] 0 5437 1436,М7 560 
| 
Average | — Tum UEM эщ” ни 





Table 7 FA-18 aircraft type OMN averages. 
GENSA estimates OMN cost from VAMOSC for the FA-18 aircraft type. GENSA uses 
this estimate for all FA-18 variants (FA-18AB/CD/EF) and for Navy and Marine versions 


of Joint Strike Fighter. 
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IV. MODEL 


А. INTRODUCTION 

As in CIPA, GENSA makes uses of binary and continuous decision variables for 
procurement planning. The number of ships procured in a given year at a quantity level is 
defined as a binary variable. Advanced payments for a ship before its delivery are also 
governed by a binary variable. In aircraft procurement, the increment level in a given 
year is determined by a binary variable. By this approach aircraft procurement is made 
semi-continuous between increment levels. The numbers of retiring ships or aircraft in a 
given year are represented by continuous variables. For a given year, the number of ships 
in a class, number of aircraft in a type, and mission inventory levels are defined by 


continuous variables. 


B. FORMULATION 


Indices 
Platform 
a aircraft type (УМА ВБ... | 
5 ship class {DDG, DD21, CVX, SSN-774,...} 
Mission 
m mission area {combatant, carrier, fighter... } 
a subset of aircraft types that perform mission m 
For example, Afishter = {JSFN, JSFMC, FISEF, F18CD, FI8AB, Fl4, 
AV8B} 
S subset of ship classes that perform mission m 
For example, Scarier = {CVX, CVN63, CVN65, CVNO8} 
Production 
і cost increment ПЕВА 
Identifies segment of piecewise linear, non-convex cost functions 
p production facility (Bath, Ingals, News, Eboat, ...) 
Ps subset of facilities that produce ship class s 
For example, Pppc = (Bath, Ingals} 
4 number of ships (0,1,2,3,4) 
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Budget 


С category of money {SCN, OMN, APN} 
Temporal 
3d. Fiscal Year {FY06, FY07, ..., FY30} 


index data and dependencies 


constyrs, , years to build a class s ship at facility p (starting in y and delivered 


at the start of year d = y + constyrs sp ) 


Data (Data units are shown in parentheses) 


SCN related parameters 

bShipInv, initial inventory of class s ships (ship) 

frac historical fraction of total SCN cost for ship outfitting 

otherScn, a fixed SCN cost in year y (FYOOSM) 

oldShips,, number of class s ships to retire by the end of year y (ship) 

omnCostShip, OMAN cost per class s ship in year y (FYOO$M per ship) 

maxRetShips,, maximum number of ships of class s to retire in year y 

SCOS syy SCN cost in year y if q units of ship s start production in 
year y' (FYOOSM) 

upShip,, maximum number of class s ships in inventory (ship) 

APN related parameters 

асо$ ш, increment 7 procurement cost per type a aircraft for year y 
delivery (FYOO$M) 

apn5 historical fraction of total APN categories 1 thru 4 required 
for categories 5 thru 7 

b, increment 7 fixed procurement cost (intercept) for delivery 
in year y of aircraft type a (FYOOSM) 

bAirInv, initial inventory of type a aircraft (aircraft) 

iNC ay, INC, iy increment į upper and lower bound for the number of type 
a aircraft procured for delivery in year y (aircraft) 

oldAir,, number aircraft of type a to retire by the start of year y 
(aircraft) 
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omnCostAir, 
maxRetAir,, 


upAIr,, 


Mission 


bInv, 


IDOICq ， 


Penalties 


mreqpen,, 





pcpen,, pcpen ， 





toapen,, гоареп, 


Budget 


otherCost D 


toa,, toa, 


Production 
workers ,,,. 


рсар „» рсар ， 


AME 


AP 


aiy 


OMN cost per type a aircraft (FYOOSM) 
maximum number of aircraft type a to retire in year y 


maximum number of aircraft type a in inventory (aircraft) 


initial inventory available to perform mission m (platform) 


number of platforms required for mission m (platform) 


penalty per unit violation of requirement mreq,, (FYOOS$M 
per platform) 


penalty per unit violation of maximum and minimum 


production capacity for facility p in year y (FYOO$M рег 
worker) 


penalty per unit violation of TOA in year y (FYOOSM per 
Ет005М) 


fixed category c cost in year y for platforms not considered 
(ҒҮ00%М) 
TOA budget band for year y (FY00$M) 


workers required at facility p in year y to build g ships of 
class s to be delivered in year y’ (worker) 
maximum and minimum production capacities for facility p 


in year y (worker) 


Decision Variables (units are shown in parentheses) 


one if q class s ships start production in year y, and zero 


otherwise 
one if aircraft a is procured in cost increment i for delivery 


at the start of year y, and zero otherwise 
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АРКОС,, number of type a aircraft to procure in cost increment i for 
delivery at the start of year y (aircraft) 
АКЕТ,, number of type a aircraft to retire at the start of year y 
(aircraft) 
BUDGET, amount of money c to budget for year y (FYOO$M) 
NN, inventory available for mission m at the start of year y 
(platform) 
SPROC,,,, one if facility p is to deliver q class s ships at the start of 
year y, and zero otherwise 
5КЕТ, number of class s ships to retire at the start of year y (ship) 
TOTAR „, number of type a aircraft operational at the start of year y 
TOTSHIP,, number of class s ships operational at the start of year y 
Formulation 
MINIMIZE: Penalties for toapen „, toapen , pcpen „, ререп , and mreqpen, . 
SUBJECT TO: 
Ship 
EROG ae Vs,y (1) 
PE Ps 4 
У АМТ, < 1 Vs,y (2) 
4 
SPROC < 1 Ур,5,У (3) 
4 
Y, qSPROC,,- » SRET,,+ bShiplnv, = TOTSHIP,, Vs, y (4) 
PEP, Gy Sy усу 
TOTSHIP,, < upShip,, Vs,y (5) 


Aircraft 


ІПС гу АР, < АРКОС y < 1NCaiy a 
AP, Sl 
i 


y 


Y, APROC,, - X, ARET, + bAirInv, = TOTAIR, 


i,y<y у<у 


OTA © ирди, 


Retirement 


>, SRET,, 2 oldShips,, 
y sy 


SRET,, < maxShipRet,, 


Y ARET,, 2 oldAir,, 


у5у 


ARET,, < maxRetAir,, 


Mission Inventory 


bInv„ +INV, ,ı+ Y, qSPROC,, - >) SRET, 
Р.9.5Є 5,6 SES, 
+ У APROC,, — У АВЕТ = INV,, 
ШУ > пие, 
Budget 


qsyy 


otherScn AU sac [ote * p scost 
Q.5.Y 


=ВОрОЕ Год, 
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‚AMT, , | 


Va,i,y (6) 


Va,y (7) 


Va,y (8) 


Va,y (9) 


Vs,y (10) 


Vs,y (11) 


vary” (12) 


Va, y (13) 


Ут,у (14) 


Vm, y (15) 


Vy (16) 


(1+арп5 | овесой АРМУ 7 Y acost. АРКО а D | 


=BUDGET, ‚,, Vy (17) 


otherCosoyx., + Y, (omnCostShip,TOTSHIP,, )+ Y (omnCostAir, TOTAIR,, ) 


5 





= ЕЕ Vy (18) 
3,102, € Y, BUDGET, x Y toa, Vy (19) 
y Sy c,y Sy y Sy 

Industrial 
>, workers „„,. SPROC, ,. S pcap,, Vp, y (20) 
4.5.У' 
y workers ЗРКОС, „у 2 рсар Ур,у (21) 


4.8.) 
Non-negativity 


ASI ГО М ОЛУ Oh ОУ у БОШОО ауса ШУ» 20 ту. 


ту 


TOTSHIP,, >0 Vs, y; TOTAIR,, >0 Va, y; APROC,, 20 Va,i, y 


Binary Variables 


SPROC,, € (0,1) Vp,q,s, y; AMT,,, € (0,1) Vg,s,y; AP,, € (0,1) Va,i, y 


Ра5у ау 


Constraints (1) and (2) determine the number of ships that start construction in 
year y. For a specific facility, constraints (3) ensure that at most one quantity of ships is 
procured for delivery in a given year. Constraints (4) calculate the yearly total number of 
ships within each class based on procurements, retirements, and initial inventory levels. 
Yearly, upper bound (5) ensures the total number of ships іп а class does not exceed an 
upper limit. Constraints (6) and (7) constitute a piecewise linear, non-convex 
approximation of aircraft procurement cost as a function of volume procured. 
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Constraints (8) calculate the yearly total number of aircraft based on procurements, 
retirements, and initial inventory levels. Upper bound (9) ensures the yearly total number 
of each aircraft type does not exceed an upper limit. Constraints (10) and (12) 
respectively ensure that enough ships and aircraft are retired each year to meet 
cumulative retirement goals, which upper bounds (11) and (13) limit. Constraints (14) 
calculate the inventory of ships or aircraft available to perform a mission; constraints (15) 
suggest that sufficient ships and aircraft should be available to satisfy mission 
requirements in a given year or a penalty is charged. Constraints (16) through (18) 
respectively calculate the total amount of SCN, APN, and OMN money spent each year. 
Constraints (19) ensure TOA either remains within a cumulative yearly budget band or an 
appropriate penalty is charged. Constraints (20) and (21) suggest that scheduled work be 
within the capabilities of each facility or a penalty is charged. 

In GENSA we preserve the elastic constraints, elastic variables and the penalty 


function as in CIPA [Field, 1999]. 


С. MPN AND MPN COST CALCULATIONS IN GENSA 
Indices 


r personnel type (officer, enlisted] 
Data 


(Data units are shown in parenthesis) 


crewShip , Number of personnel r Navy for ship class s 

crewCostShip,, Cost of personnel type r for ship class s (FYOOSM) 

crewAir, Number of personnel r Navy for aircraft type a 

crewCostAir, Military personnel (officer and enlisted) cost for aircraft 
type a (FYOOSM) 

Calculations 

Y, crewShip, TOTSHIP, vy (22) 

Y crewCostShip,, TOTSHIP,, Vy (23) 
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Y crewAir,, TOTAIR,, Vy (24) 

Y crewCostAir,, TOTAIR,, Vy (25) 

In a given year, equation (22) calculates yearly Navy MPN levels of operational 
ships and equation (23) displays the financial impact of MPN levels. Equation (24) 


calculates the MPN levels required for operational aircraft in a specific year and equation 


(25) calculates military personnel cost for operational aircraft. 
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V. IMPLEMENTATION AND ANALYSIS 


A. MODEL IMPLEMENTATION 

GENSA is implemented in the General Algebraic Modeling System (GAMS) 
[Brooke et al 1998] with the Version 7.0 CPLEX solver [ILOG 2000]. GENSA is 
implemented over a 30-year horizon with 29 mission areas, 45 ship classes, 30 aircraft 
types, 13 shipbuilding facilities, and three categories of money. The model has 
approximately 32,350 equations, 67,851 continuous variables, and 5,200 binary variables. 

During the planning horizon, FY01-05 are fixed as in EPA/TOA. GENSA 
provides procurement and retirement scheduling between FYOO and FY30. N81 
considers 25 years (FYOI to FY25) to be an appropriate timeframe for analysis. GENSA 
includes years FY26 to FY30 to moderate end effects. 

Using a relative integer termination tolerance of five percent, GENSA usually 
runs in less than one minute on a personnel computer with 1 gigabyte of random access 
memory and a 500 megahertz Intel Pentium processor. An unusually tightly constrainted 


scenario takes about ten minutes. 


B. DATA 

1. Ship Procurement Cost 

In GENSA, procurement cost functions for present ship classes, aircraft types, and 
their future variants are updated in accordance with EPA/TOA RAD7 calculations [SPA 
20001. 

SCN spending for other than the procurement cost of platforms is categorized as a 
post delivery cost, first destination transfer cost, Landing Craft Air Cushion (LCAC) and 
Service Craft procurement cost, taken directly from the EPA/TOA RAD7 scenario Table 
8). Outfitting cost of procured platforms is approximated by a historical 3.37% of yearly 


SCN money. 
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еме Со му | О of of oo oo o o o o 9 о 
Transter Cosm — | — o| 0| of о oo] of of  o| о о of o 
LC ао зы сщ лыо uc кнн шш ШШ 
omercosuMS] — —]| ——o| — 9| 9| — o| 0| — 9| —9| — 9| O —o| — o| —9 


Delivery Costs) | 0 о о о о о о о о о ој 0 
Transfer Cost$M) | où о о о о о о о о о о 0 
LCACSM) з о о o o o о o o о о о 
отегСом) __|_ о о о о о о о о о о о о 


Table 8 Other SCN money. 

Other SCN money spent on other than the procurement of new platforms. For the 
EPA/TOA RAD] scenario, post delivery cost and first destination cost are not considered 
апа LCAC are procured once every two years until FY19. The yearly “otherCost” is zero 
because we include all ship classes in GENSA. 

















In GENSA we use piecewise linear cost approximations for ship and submarine 
procurements to mimic EPA/TOA's complex cost estimation functions. We keep the 
error margin (the difference between the piecewise approximation and EPA/TOA cost, 
dividing by EPA /TOA cost) lower than one percent. 


Table 9 displays the piecewise linear SCN procurement cost approximations. 
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Ship Class One Year Advanced Two Year Advanced Function(M$) 
Quantity Procurement (М5) | Procurement 
1,191.318 
758.960 550.450 
1,021.650 465.080 
1.825.090 
1,171.500 832.640 
1.845.070 645.180 
1.822.059 
1,012.441 690.855 
1.621.420 


1st ship: 217.545 ка за 
subsq 133635 ШЕ 


429.910 1.020.390 
28010 ET 
429. 910 218.279 901. ns 
a HA 28725 
at 33 —3 
2-6 248 880 


324 547 
13.130 
45.958 

751.040 

101.138 





ТАС0523 


Table 9 Ship Procurement Cost Data. 
Table 9 displays procurement cost of ships and submarines. Procurement costs are 
tangential piecewise linear approximations of the EPA/TOA cost functions. Advanced 
procurement costs are also included for CVX, SSBNX, and SSN774 class submarines. 


2 Aircraft Procurement Cost 


Fixed APN cost for aircraft is taken from EPA/TOA. These data include 
procurement cost for the aircraft not modeled in GENSA and also total cost of APN 
categories five thorough seven (money budgeted for spares, repair parts, support 
equipment and facilities). APNS-7 is modeled as a historic fraction of APN1-4, the actual 


procurement cost for new platforms. 
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[we RW Fe өз Ею ДЕН [Pra {кїз Jena Jens Jens [mi Её | 


Аха г [ms mo ЕФ ғой РФ — |rvza |РҮ5 ТҮ Ya |РҮВ ТҮЗ Immo | 
Other APN Cost (SM) _ | 559574 808.26 1090670 1,076590 1063780] 1452040 1041220 7738%| 767.653 508151 504.979) 501.951 


Table 10 Fixed APN Cost. 


Fixed APN cost is taken from EPA/TOA. The data represent the total of APN5-7 money 
and unmodeled aircraft. 











The procurement cost data for GENSA aircraft are piecewise linear 
approximations of the non-convex aircraft cost functions in EPA/TOA. The cost 
difference is less than one percent. 


For there major aircraft types, Table 11 displays the purchase quantities (three 


increment levels) and associated procurement costs as piecewise linear approximations. 


Procurement Cost Function 
Purchase 
Quantity 
F/A-18EF 


JSF USN | | 
JSF USMC | 


Table 11 Procurement cost for major aircraft types in GENSA. 
Procurement costs are piecewise linear continuous approximations of the associated 
EPA/TOA cost functions. 





Table 12 displays the piecewise linear approximations of procurement costs for 


other aircraft types. 
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Pocurement Cost 
Procurement Function ($M) 
з [шекер [Stops 
6- 25.335| 69.50 


4- 414.110 100.39 
Е 29.666 141.56 


124.10 
51.42 


2 9.38 
12-2 9.38 
6-1 23.12 
12-2 2.85 
12-2 7.18 
12-2 43.7 
24-3 38.5 


Table 12 Aircraft Procurement Cost. 
Cost of aircraft procured in various feasible ranges as modeled in GENSA. Procurement 
costs are piecewise linear continuous approximations of the associated EPA/TOA cost 
functions. 
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52 Ship OMN Cost 

Ship OMN cost data is the class average over the last 10 years (or over those 
years available) of VAMOSC ship data. OMN fixed costs for platforms not modeled ın 
GENSA are allocated to the fiscal years as the platforms appear in EPA/TOA model. 
OMN fixed costs are displayed in Table 13. The OMN cost for future platforms is 


approximated by the most similar present system’s OMN cost. 






Other OMN Cost ($M) | 361564] 438.435] 146.200] 34946 34946 0 0 0 о о 0 0 0 


Other OMN Cos ($M) J оо д о о о о о о о о о 0 


Table 13 Fixed OMN cost for platforms not included in GENSA model. 
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OMN costs for ship classes modeled in GENSA are summarized in Table 14. 












ЕРО-7 __[506-51 _[006Х __|е6-47 __|[С6-21 __[00-963 ^ pp: ^ [cvevez cvwes __ | 
Ауегаде OMS ea Cost per 

ship(MS) 17.299 22.994 22.994 29.571| 29.571 38.175 38.175 174.672 253.741 
Ships |CVN:6877 LHD1 нат (ІҢ) |160-41/49 LSD(X) 
Average OMN VE asa per 

ship(MS) 199.902} 199.902 67.202 83.460} 67.202 22.744 22.567 29.685 
SSBN-726 |SSBNX — |SSN21  |SSN774 |SSNOO SSN-688  [MCM-1 MCM(X) 
Average SE ет Соя рег 

ship(MS) 29.685 56.968 56.968 8.216 23.629 23.629 

¡Ships _________|мнс-50 [MHC(X)  [LCC-19 LCC(X) |ТАО-187 [ТАФХ) АОЕ6 | |АОЕТ | |т/АОСХ 
Ауегаде E — Cost per 

ship(MS) 3.639 3.639 46.776 46.776| 12.472 12.472 31.675 38.076 31.675 


[AS-39 |А<(Х) АВ5-50 — |ARS(X)  |TATF-166| TATF(X) TAGOS1-18 |TAGOS-19 |ТАСО5-23 


Average imu Cost per 
ship(MS) 64.882 64.882 7.279 7.279 5.149 5.149 2.787 


Table 14 OMN cost for GENSA modeled ship and submarine classes. 









Costs are class averages of VAMOSC ship data. 


4. Aircraft OMN Cost 


Aircraft OMN cost data are the type average over the last 10 years (or over those 
years available) of VAMOSC aircraft data. OMN costs for aircraft types not included in 
GENSA are imported to the model as a fixed OMN cost. Fixed OMN cost totals, 
displayed in Table 15, are based on EPA/TOA quantities of aircraft not modeled. 






Other OMN Cost GV 386.805] 286520) 3615181 375-974] 368560] 364.886, 360735| 356100] 350801 


Other OMN Cost ($M) 342 308| 345478! 353256] 359152] 357.574 362.412] 365.375] 36516] 371422] 375.042] 373 181 


Table 15 Fixed OMN cost for aircraft not modeled in GENSA. 
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OMN data for aircraft modeled in GENSA is displayed in Table 16. 






Аман їзє [5РМ ЈЅЕМС 21860 ___|ЕА6В 
Average OMN Cost per МЕ 

Aircraft(SM) 1.451 1.451 0.995 1.451 0.863 0.306 

Аман JAS РС [мма fs (С5АА5У 
Average OMN Cost per 

Aircraft(SM) 1.451 0.301 0.570 0.570 0.353 0.353 

Аман _ _ (С — __[06Х_____ЏегАВ СНабЕ ___|Н530 ___|[му22 
Average О Ашай ТЕРЕ — N Cost per 

Aircraft(SM) 0.306 0.306 0.088 0.088 0.558 0.503 0.558 


JPATS pa [МЕТ 


Aircraft(SM) 0.041 0.041 0.125 0.125 0.026 0.072 0.072 


Table 16 OMN cost for the aircraft modeled in GENSA. 
OMN cost for an aircraft type is the average VAMOSC cost. Future platforms are 
approximated by the most similar current type. 


































5: Ship MPN Data 

Ship officer and enlisted MPN data ıs the class average over the last 10 years (or 
over the years available) of VAMOSC ship data. MPN levels, displayed in Table 17, are 
fixed for platforms not modeled in GENSA. For future platforms MPN levels are 


approximated by the most similar present one. 





(Other Officer MPN | з5| 2 182 so so у у у о «о о 
(Other Enlisiea MPN | 5423] 3471] 1919 6321 62 of of of of о 9| 


Other Officer MPN | о о о о о о о о о о о о 
Other Enlisted MPN | од о од о о о о о о о о о 


Table 17 Fixed officer and enlisted MPN data for ships not modeled in GENSA. 
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Officer and enlisted MPN for ship classes modeled in GENSA are summarized in 
Table 18. 


5мрз _________| 267 ___[006-51 (ООСХ |с647 |СС21 0096839 (|0021 |СМ63/67 |СУМ65 | 













Compiement per ship 


Average Enlisted 

eee. | ol el ol ы к ОШ 
Ships ___ [cvwsez7 [cx [imor [inan [ino |156-4/49 |150-5 |150)  |ІРОЛ7 | 
Average Officer 

EEC ш ы = 
Average Enlisted 
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Table 18 SCN MPN Levels. 
Officer and Enlisted MPN levels on ships and submarines modeled in GENSA. Numbers 
of officer and enlisted on board are the class averages of the ships found in the VAMOSC 
ship data. 































6. Aircraft MPN Data 
Aircraft officer and enlisted MPN data is the type average over last 10 years (or 
over those years available) of VAMOSC aircraft data. For future platforms, MPN levels 


are approximated by the most similar present one. 
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MPN levels, displayed ın Table 19, are fixed for aircraft types not modeled in 
GENSA. Table 20 displays the MPN data for aircraft modeled in GENSA. 
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Table 19 Total fixed officer and enlisted MPN levels for the platforms not modeled in 
GENSA. 
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Table 20 Officer and enlisted MPN levels for aircraft types modeled in GENSA. 
MPN levels for future platforms are approximated by similar present ones. 
















7, Ship MPN Cost 


MPN costs for ships and submarines are the class average of the Officer and 
Enlisted complement costs taken from VAMOSC ship data. Table 21 displays the fixed 
MPN cost of platforms not modeled in GENSA. 
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Table 21 MPN cost of Military Personnel for ships not included in GENSA. 
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Table 22 displays the MPN cost data for officer and enlisted on ships and 
submarines included in GENSA. 
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Table 22 Ship and Submarine MPN Cost. 
MPN cost of officer and enlisted for the ships and submarines modeled 1n GENSA. For 
example, the average officer MPN cost of an Oliver Hazard Perry (FFG-7) class 
destroyer is the average over 10 years of VAMOSC ship data. 
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8. Aircraft MPN Cost 


MPN costs for aircraft are the average over the Military personnel costs found in 
VAMOSC aircraft data. Table 12 displays the fixed MPN cost of aircraft not modeled in 
GENSA. 





FY18 


Average Military Personne 
cat th mpm 


Average Military Personne 
Cost ($M) 105.690} 105.772} 106.781) 109.066} 110.604) 109.978] 111.251) 111.850! 111.431] 113.106] 114.011] 113.238 


Table 23 MPN cost of Military Personnel for aircraft not included in GENSA. 


















Table 24 displays the average military personnel cost data for aircraft types 


included in GENSA. 





Average Military Personnel 

Cost ($M) 0.337 0.337 0.337 0.243 0.337 0.290 0.072 
CSAASW 
Average Military Personnel 

Cost ($M) 0.337 0.049 0.049 0.135 0.135 0.097 0.097 
CH46E [cHs3D |МУ22 
Average Military Personnel 

Cost ($M) 07073 0.073 0.029 0.029 0.150 0.172 0.150 


Average Military Personnel 
Cost ($M) 0.015 0.015 0.049 0.049 0.008 0.008 0.012 0.012 


Table 24 MPN cost of Military Personnel for aircraft included in GENSA. 
Yearly average military personnel cost of a FA-18EF type aircraft is 0.887(FYO0$M), 
based on a 10-year average from VAMOSC aircraft data. MPN costs of Joint Strike 
Fighter (JSF) Navy and Marine Corps variants are approximated by the same number. 
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9. Budget Data 

A GENSA budget consists of SCN, APN, and OMN monies. The modeled budget 
is limited with a lower and an upper range constituting a budget band. These ranges are 
defined as the maximum and minimum TOA observed іп EPA/TOA. For the base case 


the upper and lower ranges are 51,042.6 (FYO0$M) and 34,684.6 (FYOO$M). 


10. Production Facility Data 
The same set of data is preserved for production facilities modeled in CIPA 


[Field, 1999]. Production data for the other production facilities is approximate. 


11. Retirement Data 


Cumulative retirement goals for ships and aircraft types modeled in GENSA are 
based on EPA/TOA data. Cumulative goals allow GENSA to schedule early retirements 
if it is beneficial. 

GENSA retirement goals by year and type appear in the Appendix. Table 18 


displays an instance of cumulative retirement data. 


Platforms |FYO6 |ЕУО7 ^ |FYos — |FYoo |РҮ0 |rvıı — |rYi2 — 





Table 25 Cumulative retirement goals for DD class destroyers and F14 aircraft. 
Retirement goals for DD class destroyers and F14 type aircraft taken from the EPA/TOA 
model. The entire inventory of DD class destroyers and F14 type aircraft must be retired 
by FYOS and FY11 respectively. 
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In order to moderate model behavior, we limit the maximum number of retiring 


platforms by year. 








[Ships 2 |ЕЕС-7  [|DDG-5S1 DDG(X) DD-963 0021  |СМ-63/67 |CVN-e5 
Yearly Maximum Ship 

Retirements 

Ships |CVN-58-74CV09 LH(9 |150-41/49 |1150-5 150(0 (ІРО-17 
Yearly Maximum Ship 

Retirements 1 2 2 1 

Shoes 2 |Р54 [ssSeN726 [SSBNQ) [SSN-21 [SSN774 [554% — [SSN-688 
Yearly Maximum Ship 

Retirements 2 1 d 2 

MHCO9 [Lcc [LOCH [rAo-87 [rao _ ]АОЕ6 [aoE3: [rabco) 
Yearly Maximum Ship 

Retirements 1 1 2 1 

АН5-50 [АВ5(Х) |ТАТЕ-166 |ТАТЕ(Х) TAGOS-1 |TAGOS-19 |TAGOS-23 


Yearly Maximum Ship 
Retirements 2 2 3 1 


Table 26 Yearly Maximum Ship Retirement. 
Maximum ship retirement data provides smoothness and flexibility to GENSA. For 
Ticonderoga class cruisers, the maximum number of ships that can be retired at once is 
limited to three. Because no retirement is expected for new ship classes, these values are 
set to zero. 
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12. Mission Inventory Data 
Mission inventory levels for ship classes and aircraft types modeled in GENSA 
are either taken directory or interpreted from EPA/TOA with advice by Kelly [2000b]. 


Inventory requirements for SCN and APN missions are listed in Table 27. 





Inventory 
SCN Levels 
Mission Areas (ships) 








Cruisers 
Camers 
Attack Submarines 
Strategic Missile Submarines 
Amphibious Assault Ships 
anding Dock Ships 
Amphibious Transport Ships 
Mine Countermeasure Ships 
Mine Hunter Ships 
Command Ships 
ogistic AO ships 
ogistic AOE Ships 
upport AS Ships 
Support ARS Ships 
Support ATF Ships 
Support TAGOS Ships 
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Table 27 SCN and APN mission areas and required number of mission platforms. 
The US Navy plans to maintain a surface fleet of 89 destroyers, 27 cruisers, and 12 
aircraft carriers for the next 30 years. 


Ба 


C COMPUTATIONAL RESULTS 
1. Base Case 


A base case is used as a reference for an excursion made to test sensitivity of 
results to a budget cut. In the base case, all mission requirements are satisfied over the 


planning horizon for SCN mission inventories (e.g., Figures 1, 2, and 3). 





Combatant Destroyer Mission Inventory Levels 


Ships 





Fiscal Year 


= Combatant Destroyer Inventory —#— Inventory Requirement 


Figure 1 Base Case Combatant Destroyer Mission Inventory. 





There is no combatant destroyer mission deficiency in any year, but this requirement is 
exceeded in FY06, 12, 18, 25, 27, 28, 29, 30. The excesses in FY06 and FY12 are in 
anticipation of pending retirements. The excesses in FY27 and beyond are an end effect 
beyond the end of N81’s planning honzon. 
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Combatant Destroyer Mission Inventory Levels 
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Figure 2 Base Case Combatant Destroyer Mission Totals. 





The number of DDG-51 class ships reaches 65 in FY 13 and stays at this level for seven 
years. The DD-21 class reaches 35 at the end of the planning horizon. 


Attack Submarine Mission Inventory Levels 
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Figure 3 Base Case Attack Submarine Mission Inventory. 
Base case submarine classes forming the attack submarine mission inventory. Mission 
requirements are maintained as Los Angeles class attack submarines (SSN-688) are 
replaced by Virginia class attack submaines (SSN774) and SSNX after FY25. 
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Some APN mission areas are not satisfied for this base case. The most serious 
shortage is the Fighter Mission inventory with deficiencies in the first four planning years 


(Figures 4 and 5). 


Fighter Mission Inventory Levels 
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Figure 4 Base Case Fighter Mission Inventory Levels. 


GENSA cannot overcome relatively significant deficits in fighter mission requirements in 
FY06 through FY10. As the JSF inventory increases (Figure 5), the mission requirements 
are eventually met. 
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Fighter Mission Aircraft Levels 
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Figure 5 Base Case Fighter Mission Aircraft Levels. 


Retiring F-14, AV-8B, F-18AB/CD are replaced by F-18EF and JSF. After FY20, the 
US Navy will operate only two aircraft types to satisfy its fighter mission. 


Officer and enlisted MPN calculatıons based on the base case force structure are 
displayed below. Figures 6 and 7 shows the MPN impact of the base case force structure 


plannıng. 
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SCN Officer MPN Levels 





9,400 
9,000 
8,600 
8,200 
7,800 
7,400 
7,000 


Officers 





io O AA A са О О о О ОН ау Оу аж со о (А uw OD со 
ООДО ADO A АТ УА NS NS we (Mp v aUe АРАЛ О 
e e e e e e e e e e e e e e e e e e e e dU NN Үү 


Fiscal Year 


| —¢@— Reduced Officer Complements —ai— Present Officer Complerrents | 


Figure 6 Base Case SCN Officer MPN Levels. 


Officer SCN manpower levels for the base case force structure under two different 
assumptions about manning on future ship classes. When future ships have the same 
complement levels as the closest present ship class, there is an upward trend in officer 
levels over the planning horizon. The increasing levels after FY18 are primarily due to 
procurement of DD-21 class destroyers, SSN-774 class attack submarines, and a CVX 
class aircraft carrier. When assuming future ships classes will have a 2596 reduction in 
the officer complement compared to their closest present ship class, there is a downward 
trend. 





Enlisted MPN levels for two different cases are displayed below. 


SCN Enlisted MPN Levels 
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Figure 7 Base Case SCN Enlisted MPN Levels. 


Enlisted SCN manpower levels for the base case force structure under the same two 
assumptions about manning on future ship classes applied to officer levels (Figure 6). 


MPN costs for officers and enlisted personnel in the base case scenario are 


displayed in Figures 8 and 9. 
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SCN Officer MPN Cost 
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Figure 8 Base Case SCN MPN Cost for Officers. 


MPN cost for the officer levels shown in Figure 6. 


SCN Enlisted MPN Cost 
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Figure 9 Base Case SCN Enlisted MPN Cost. 


MPN cost for the enlisted levels shown in Figure 7. 


Figures 10 and 11 show the APN manpower levels for the base case. Figure 12 


displays the APN military personnel cost for the base case. 
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APN Officer MPN Levels 
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Figure 10 Base Case APN Officer MPN Levels 


APN officer levels by year for the base case scenario. The downward trend reflects 
changing officer requirements for aircraft platforms intended for the same mission. For 
example, the EA-6B Prowler requiring four officers will start to be replaced by single 
seat F-18G starting in FY 10. 
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Figure 11 Base Case APN Enlisted MPN Levels 


The fall and rise in APN enlisted levels is due primarily to the assumed manning 
requirements for aircraft procurement not modeled in GENSA. е 
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APNMilitary Personnel Cost Levels 
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Figure 12 Base Case APN Military Personnel Cost Levels 


There 1s a gradual increase in the APN military personnel cost. 


2; A Dramatic Decrease In Budget 


We reduce the upper and the lower TOA levels from 51,042.6 (FY00$M) and 
34,684.6 (FYOOSM) to 25,000 (FY00$M) and 20,000 (FY00$M) respectively. Observed 
mission deficiencies (summarized in Table 28) show a significant shortage in APN 


mission areas. We simply cannot satisfy all mission requirements under this budget cut. 
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Table 28 Budget Cut Excursion, Mission Deficits 
Mission deficiencies result from a dramatcally reduced budget band. Most SCN 
missions are satisfied but all of the APN mission areas are significantly affected. Figure 
13 shows the fighter mission aircraft inventory levels and requirements. 
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Figure 13 Budget Cut Fighter Mission Inventory Levels. 





4 








For the budget cut scenario the fighter mission inventory levels are met only in 
FY10, FY11, FY12, FY13, and FY30. 


44 


VI. CONCLUSION 


We extended CIPA to include procurement of additional types of ships and 
aircraft and related OMN costs of all platforms derived from a detailed study of 
VAMOSC data. We also consider officer and enlisted manpower and manpower cost for 
recommended force structures. 

N81 currently uses EPA/TOA, a spreadsheet-based decision support tool, for 
capital planning. EPA/TOA is a descriptive model, and given an input of a complete 
spending plan, EPA/TOA yields an accounting of the estimated long-run cost of this plan 
using generally accepted cost forecasting methods. Unfortunately, preparing a force 
structure scenario in EPA/TOA is labor-intensive work, so preparing many competing 
scenarios in search of long-range improvement is not feasible given the time pressure 
always governing this planning. 

Capital Investment Planning Aid (CIPA) has been developed for N81 as an 
optimization-based decision support tool. Given an input of long-range force structure 
requirements, costs and rules governing candidate procurements and retirements of major 
weapons systems, and other planning guidance, CIPA suggests an optimal portfolio of 
investments and actions. CIPA has been prototypically demonstrated for a 25-year plan 
with a realistic subset of US Navy ships, submarines and aircraft, and a representative 
subset of budget funding categories. 

GENSA, the subject of this study, extends CIPA to include additional Navy ship 
classes and aircraft types, and incorporates the Manpower Navy (MPN) funding category 
not considered by CIPA. GENSA has a planning horizon of 30 years, 29 mission areas, 
45 ship classes, 30 aircraft types, and 13 production facilities. GENSA follows CIPA in 
recognizing cost categories SCN, APN, and OMN, and adds MPN. The goal of GENSA 
is to provide an omniscient long-term plan that considers so much high-fidelity detail that 


the post-optimization analysis with EPA/TOA will be much easier. 
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APPENDIX. CUMULATIVE RETIREMENT GOALS FOR 
GENSA MODELED PLATFORMS 


FY16 
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Table 29 Cumulative retirement requirements of aircraft in GENSA. 
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Table 30 Cumulative retirement requirements of ships and submarines in GENSA. 


48 


LIST OF REFERENCES 


Andrews, T.S., 2000, electronic mail communication between Todd Andrews, Naval 
Center for Cost Analysis and author, October. 


Brooke, A., Kendrick, D., Meeraus, A. and Raman, R. 1998, “GAMS User's Guide.” 
GAMS Development Corporation, Washington, DC, December. 


Brown, G.G., Dell, R.F., Wood, R.K., 1997, “Optimization and Persistence.” Interfaces, 
1997, Vol. 27, No. 5, pp. 15-37. 


Burton, D., 2000, Interview between LCDR Douglas Burton, Assessment Division (N81) 
and the author, April. 


Field, R.J., 1999, “Planning Capital Planning in Navy Forces,” MS Thesis in Operations 
Research, Naval Postgraduate School, Monterey, CA, December. 


Kelly, D., 2000a, Interview between Douglas Kelly, System Planning and Analysis Inc. 
(SPA) and author, April. 


Kelly, D., 2000b, Interview between Douglas Kelly, System Planning and Analysis Inc. 
(SPA) and author, October. 


ILOG, 2000, “CPLEX 7.0” [http://www.cplex.com] Accessed December. 


Naval Center For Cost Analysis, 2000 “Navy VAMOSC” [http://www.ncca.navy.mil/ 
vamosc/ pages/about.htm]. Accessed June. 


System Planning and Analysis (SPA), 2000, “SPA Briefing to Naval Center for Cost 
Analysıs -SPA Extended Planning Annex Model,” brief presented to Naval Center for 
Cost Analysis, Washington DC, 16 March. 


US Navy, 2000, Navy Program Planning and Assessment, “Vision...Presence...Power — 


A Program Guide to the U.S. Navy — 2000 Edition” [http://www.chinfo.navy.mil/ 
navpalib/polic y/vision/visOO/v00-ch2b.html]. Accessed December. 


49 


THIS PAGE INTENTIONALLY LEFT BLANK 


50 


tn 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center .................. ccce а. 2 
8725 John J. Kingman Road, Suite 0944 
Ft. Belvoir, VA 22060-6218 


Dudley Knox КлЫгагу` НИИ 2 
Naval Postgraduate School 

411 Dyer Road 

Monterey, CA 93943-5101 


Plan Prensibler Baskanlisi 0%. II 1 
Attn: TUGA. Kadir Sagdic 

Deniz Kuvvetleri K.ligi 

Bakanliklar / Ankara 

Turkey 


Deniz Harp Okulu Kutuphanesi ... eer ee О ии 1 
Deniz Harp Okulu 

Tuzla / Istanbul 

Turkey 


Naval Center for Cost Analys18. eee ON ] 
Attn: CDR Mike Albright 

3801 Nebraska Avenue, NW 

Washington, РС 20393-5444 


Сшег оГ Мауа! Оретапове (ХӘН. 2” 1 
Attn: LCDR John Ruck 

Navy Department 2000 Navy Pentagon 

Washington, DC 20350 


Chief of. Nayal Operations (N31) € l 
Attn: CDR Keith Kowalski 

Navy Department 2000 Navy Pentagon 

Washington, DC 20350 


Professor Robert br. Ре Насо E 1 
Code OR/DE 

Naval Postgraduate School 

Monterey, CA 93943-5000 


Росо оета TOO a cias co 1 
Code OR/BW 

Naval Postgraduate School 

Monterey, CA 93943-5000 


51 


10. 


11. 


Se 


Lieutenant Orhan Karasakal ee o ee 


Мапите Operational Research Team 
Operational Research Division 
Department of National Defence 

101 Colonel By Drive 

Ottawa, ON, 

Canada 


Dz Yzb. Mehmet Ayik. ИИ 


Yoneylem Arastirmasi Group Bsk.ligi 
Deniz Harp Okulu K.lıgı 

Tuzla / Istanbul 

Turkey 


БаһтпеВагап, Ди ЕлАна Не MM 


Ilkogretim Mufettisi 
Milli Egitim Mudurlugu 
Sivas 

Turkey 


Dz.Utsm. Nihat Baran..........2.:22::22.:. ПИПИН 21. 22 27770 


Harekat Baskanligi 
Kadro Analiz Sb. 
Bakanliklar /Ankara 
Turkey 


52 





Ё 
Т 
Kt 
Su 

3 














.-- TIT pen 





... ж -» жа, 
~ ee + БЕЗ" 
ces e 

"ur LOIR, D 
гр QA 忆 == 





ту 四 
= o... LR IP ~ = 
LP I. ~~ ~ 
aoe 5 


Lr = 
Ll P T a е 
- 一 ” -06 m= 中 a 


PL УРИ u... 
— . ~ ЖЕ 








z » Ai E E E 
ОСУ У ГЕН Ру РРА 
LS УЧИ E 


.- 
С 
E 


LEE ... 
Е .-- Sim mm - ~ 





t» 可 多 ” 
* uoi. dE да a... AS - 
ЕЧ ПРУТ 


ра За o7 EZ ELI LE 


РУБИНА = 
-в б - - М ~ 


LI 
M pM ите ЕЕЗ 
P» m sen. Ризи ша е 


а о ЈУ ИЕ Јн .. РРА . 





ПИ ДР ии 


w AS - РА + 






5 - une... 
se = -- СЕКА 
emee o 

INE > 
rr 








Odeme do 
rn -- 
Ма = = 


3 ten 






dee -m un [mu s 

* ш е әч4/” э, лға ме == „ у 
全 mv pee ет РЦ ма 
Б + - ИРА аз мет е с PE 
A 一 Am 

Poog CELE] б 3. ... = 





EA A a 
LXI" 
oe hac eae 





E o 
-- = .-..- 
Герс ae 
je o e а расне дь t. dat o 
Ж: odo ә” РИС 


binh d a 
LI T 






IMP С 
= m 


war 


© >» МС 
~ ПОРТ 





ТЕ „ы =» КИ 
e... o, "= ПРУ ИРА 
EI IT gU 
- Р ЕЕС eq qe 
m au A in 2. NAS P 
Lent NP Lr: 
«9 22 15s a 一 УЧ er 
ama 二 . “”-- -,е -. ,). Рт 


-- E 
б = 





out» 
” .-...... 











©. ms è ss E 
LET dl 
MIX NEL 


IE ы ы ды: 





ПРИ 





Лы d А = 
АС COE M СИ ИС 4 y E 
P 

e POETE 





e > ди XL 





=.=- ft os - ма Ст E 


mus. 
Honey m zen 
^ Pegao 
na дара 





EI — 2 е 


和 ee 

"TI E dsl Pe ИРЕ ИЕ TX 
= .. 4... ө 

He EM PL a IERI te СРЕ 

mI IN LIII Ы 





РТ tel (m e weh me 
-- 
үр жыры | LEPIDE 
-~ + АИС ME 
ЫЈ - cora + PA n 
> o... A A EFA 
A Дана 


PL 





AAA " : DELE “or. 
ГЕН Ее .... - f LIRE жаа 
.. » - on Fe ote 


в were - ea. os 





m. une eh 
Bu A me 
па UE Че ere fe ee th ы 

> Ea E C 
E Lu of "z ri # О E LII nur. 


-* 00 nen He 洲 





—— en + 


A Y ЫЫ 
ae qe g om manaa N ы 
A A | E PR d bea 
nn ee am Ft БЫ СС СИ СИ 
PA AS A rn tn = ar Bear 
ee EI S + К" LR] М 
"utere Wer СМ Ка а а SR 4 
БАЗ sn ye зы - еза» ~ "mI ПЕС э» э. Жыл ы 
Puce МЕ TEE EC ЕМ ы ЫС с кш de мәз Car 
SE N A I NN TL re E ада Ы 


mut am oe к 





e suo. a PA 
„Т TI 





-— a - H *- СРИ 








ru. AS 
a- òn > m.» opan a = ње. ы 
.. вото ае с СУ 


С LI ... - 

....... „ы 

и > Ba a 
6 PP ” . 

= E ar 

Ir M aan PS ВЕ 

Ӯ E 





< wat 
2555 ж ше аю жыйа, Фән а ва Р) 4 
BE En А КИ к ы н Ec ТЕ I aah 
xs РА > С "e ТЕ 
ee dee E 


a... e. 
атаа 
„mh - 





-- 






- o 
65 






ПРУ E A 
И РАИ Ри 
ПИР Рие ааа Русо 
- TM ERN 
en = P Arge d а 


i a? Ir А 


A "БОРА ЕРДЕ УР 
Pun "au = . Ye TRET " 
omen we A TS АИК и 
ж -- - y А . СКЈ se... |, 








ОЈ СС ЧИ 
по. 20 а во u LED im 
еи ЛЕ А А РИК 1 rr га ит ы 
EI JP А ra Pr} - 

EIL ЕЕЕ en a 


AAA A IL 
aL LP 
Po. e.» qt. AS AA te за # 
E MEC - eom - mm c» o» dA» 
И ри чи -- өзә эф = t t ur 
P rr II LOI RR 
ER pr == ma ға--- ж” ГР gee ы 
ee ee aa 5 ee ЛЫ ШИЙ ы 
Oe не tree ЕР 
„ыы ымыы LOEO СД мы 
AA A AR ҮГИ ЖР И, "ү ne А ИГ 
we ee ee LI dam -. мо е Ы А E LI 
"T өн % m PM "manm. >. 5% 4-44 A. mo re... 
AAA A A M nd 
rom a E a 
— ГРЕЕНЕ А64 
AAA + - rr 
— odi 9 КА КИ А АЊА 
-- E E nn 
РЕЧ а LE 
E -.-- .даз--ғ% 4-4 
алта РР АА ~ И АЕ ¥ 
SAA A e dili di 一。 
rn en Tu 
- wee AA | 






e.) A 








, O E E 
nr" HER 
e wre yyt 天 - ИТИИ 
r no.» TIT NM 
LIMINE 
. ҚММ ГІ 
оғыз -1з 22. 
PP >. ОЈ г. 
2 mn 6 ЕСІКТІ LE E РИ на ar = 
te DL , .- E т 
+ е + L^ .- E E A kur 
er Poa СР ДА ee L] ССР E ELIT phu 
ИЗ ET “ - PLI) a se = 8 од te ТҮ ЛЕ; 
EP AE ve LÁ ~ Weed УН E P AAA 
A M - PEEL" = 23,2 + wee od wear om. no. . --. 


ТИЕ т... 
.. vto +o LO 114 М 
МА, М . LE LJ & 9. ЕЈ a 到 到 - ur ж LI 
u .Т Ip эре 









ET Den 
wen a a ey 


ąz. > 
А A AN a an. 
A t» у аа 






+» 





FEL * 9t 6g ae Eran 
A . .. ПАИ .. + PP E XM "p 





„ч 
+. 
з v 9. 





P ES ЛЕТ ж- ПРУ ЗА 
АР E = LI 

CEE om, p 

O ГАНЫН 

rt 

ELI 

PII 


E 





E E EIN ME" E ^ Фет ра 4 





сома лен аве а 19а9.лее 
a wee EL EG EEE nn" 
wert P - E © ж “е 
Po. meo ire o e „ em ea we si - + 
m ЊИМ и О И А У ЕРИ РЕЧ И ЧУ 
ren or mn tete le ^ 
Ает matid e OT ee n рађа 
ye om ере рари 


OPT une Aa APT TE Sp eae ahaa 
ЈЕ РИЧИ ТҮ Н А А А АРУ Ау Л 
qn A 






РЕГЕ. 


mW "n 





РДС - 
Ucet er nn eine 

кА АРЫНЫ, 
=< P EET АИ te M 
LM IDEE RA Fr ZT ы Lal 
ИРИНУ РНК "АШЫ 


чо. €» a 
+ . б " ГР = 






- 













LTEM 
E 


LS 






^ -« 9 - 










СЪС РОА se A 


"ее =>. 64...л.- 

PTET emos... + wer 
UII ГИР ИЕ 
© er PE E мътни Во а "вен ad 
n .. 00. 一 


ГИ ыы ыы 
с "= qu ы o» P» „ КУЫ 
A A T == бм» 
Pr UII 
EU EE A 
ms nato EE ll 7 
nenn» stas» АВ 
СИ Pa ee РИК 
sas #. 4 ее * 
e. AO o... o toda.» DEC. "x 
РЕСЕ . Puno e” een ТРЕТА КИ 
РЕ оа ери раи У СРИ НАИС ИРЕ ы } een 
е зе енын ЕСЕ, PER I С эрер не ӨЧ 
2 ЭСТЕТ P 
LEOTE PPP А 
. 2. wen аса аа 
ЕЈ Xs eu "nn dk 
t 25-5 DE I 
ТЕАТ АА С - fame ‘em trey 
e... LL j oʻ. oos Dne om 
ТРИ КИ ононе os, 
a э » = x mnm УК ЖҮ, 
СТ u. Er ДЕ" Mc 






=) "8. Yan ЬН 
ПАТЕР АЕ ТЕ У 
2 ДА d P M 
à AS EEE d Yun ran tn a па а ин саз оу 
' Br a ТАА рн Sane 
TER i DX eee МАК ТТЕРІ 4 . "Lap Pu" 
- .. а. E una e O ы LOIR «е ра еее ана тов ад 
LP E ИИМ Ы КЛАЊА ЛҮКТҮ ne RA ech 
" E eres ски И о НОРТ РУРСКЕ ИЗМЕРИ 
Е Коя .. Да Lo “ A LC qu 
P LEE mm 9 后 
Ери PINE warm ets P" ELI 
жағала dan МАЛА МАҒА ЫНЫН ы ен ЙА. 
。 TL РЕН - pr pe riot 
УЫ. a в LL ы UE. ГАИ ҮК n в rl Ра А "mm mis DOE ЕУ 
Y^ В = ү ик ре no » m 2, SER Se e НА Же 
Kom ta FT us 7” в о ER Ser REEI RIE A E ee йс: үн үг 
d «Wale E M ПТТ + 7 = 
је nern КТГ 1. os Pare ro orgu ne Я paren oe 
F PTT oe on У ч.л “ 
EN, "TL" HEN а = СТРЕЛ на. PE ; 
OEP РК ДРЕ ЕТ ЛАРИ ПРИ РИГИ une [a VE LE EL I ДЕГ ДР РРА , ыр И 
ва рио pa m A AE AA se d 
mee" M PLUIE 
.... 












Par. 
Шаа ды 





СЕ E 














e Л E 
[ee ee LER ETE" 
+ т m n 





„> - o^: ~“ em p.m. LES 









СР 
БР СОКА РА а колын 
DE TEL LET = у Миы алы 
МАЛА КЕЛ u ee 
ө41. “224... «о, 0x 








EE о. a 4 
















mo a tomo" 
A A ГЫ 
Pr" E e c dixe 











4 eo. 
LIPPE 
IRL EIL 
Cn И И LUE Р" 
A E ke a у «м» 


T q. .... 
~ 


| 
| 


| 





22 






|| 
| 





mp 二 sa 





werten nennen 
РУДА ЛЛ ДЕ E 
Pe mL + 
А САРУ whe tn PLIN ы 
Per? ПРУ . wot est ДОРА У hte 
re ra УНЕР ЕНИ РОК " ——nÀ9 

n" ron нү Doo" 
E PII =" Тер с" ер " D ds За. нші bd = 

E EET А 

P СЫ 
to LIBI 






.. 1 " rm 一 















+ за ж.т Ж... 


е О 
44... 


- 

Ms A Me O 
A A 

Pr РАИ 


| 


ІІ 





e... 
ЕТ И 
И РРА И А РЕЧ 
те г -ұзға « өзе .6-еж» о.е 
>». ЫК ЖҮ Л У 
E I e 
HELP ро 
ITO 






к m 
ч EROS 
ESA ATT A A A ДЕРИ РА ЧЕ) 
ре раса "улар емел O 
[LN ТИ Еа ы Малым РГ” ТУЛА Dann 
ку A A ИШЧИ СТ, ТЕЧ 
© = CICIT A oP E de 
ИРА ЕРИ Ж ТАЧИ ПОСТИ 
e O dene e UN e | 
LL nr pon D 
Ri diii ЛА ЧАСА 
ru dS rH E Aia 
9 tLe DL reb ` 
NE De алова E 
x xi Nvv PP t 
+ oF wp wo oy = gee Qe PS A 
LP На a. . - = qu 
Ge АЕ - „* ЛЕ ГТ ТА ТИЕ и e 
ЕЕ A TETTA T ces *- ОТЕЛИ 
ТЭК ЛҮ ЛЕ at Pun EI TIL ГД 
PC ee Cera N Ver a E her 
ve ПАРИ 
ЖИЛ И те ~ 
%. ж 29% 9%,.44 %% ы «әз. % 
О -.. one, ae 7 “.. 
eo» РЕ wm „+ ot Oe 
РЕД 人 Ts АУРУ У 


|||| 
| 


> 
i 
4 
^ 
H 
b 
! 





D Я 
АА РР ИТ 





E bom 





| 


К EN 





| 








+ ..... = d ay. 
Л ИТАН 
МО 5 oe de te 
pev » У аа 


» e npt 2 





PS СТ“ У Zend 
F9 ГЕРИ ГРАНИ И ИРА ПЕРУН 
м ЕТУ з зл mats ¢ = А 


ПЕТИПА n 
Ort un => УН КОРА 
OT T К Л КТ ze ze 
РИС ЛР ТЕРНИ 







| 


|| 














||| 
| 
| 


DE LL Ww 
LEE 
w^ ПЕРО Ate |o Bum RS. mt n A д 
Мн КАС ES] 
LII X СИ 全 + 

МР Lo AA T 


ELLE ~ 





"T 
ПРИ 


| 
| 





O ыы ои ы 
ҮҮ И ЧИ СРИ ИЗ oe i2 
eot» же E у= MET PA 
we te f, » IM EI 
E ere oe te, * 


ri en ee, LP 
O AA A К Per Dee eee LA P 


e DE ТҮРЕ RT е 
"T А м >. А P m 
кү РЕМНЕ зм in TE Г. КЕТИРУ, 


"> I » „3 e E E zu 75 EI ED MM 
d DET Ye ee) УИ УИ ДАШ P - а“ urn. ПР РРА И РО ИРА 
PTS РСС + РТУ АР ИУ ol etu RR 65 БЕЛ ВЕ. УИ ИШ Daite e Ми M EL 
" HELPER з = *- t^ ағам”! LIII »* Qi ni niil i: т IE LI 
> ataa = got ЭМА КҮТ ИККЕ ҮЛ ЛТ EA u. tem 
m |“ "P TRE 
Ра pos ү EOE TT .» 
із - 9924 Oe e^ а түү АРИС e+ 
OS РИА РИС E қ ПИС) 
mor ЕРТ ПОД И Le OTE ACA A A AA 5 
+ ТТТ ТТЛ НК а P Ptol se ms ~ E ПРУТ at 6 8 620, Mee МАЧА РРА ОГИСТ Брана бы; mia бик ~ Se ee 外 
Ce + в е. .. +. suo, E AAA TA 297 отағасы ИН РИТА SE pur урати * полга» FE 
E A sem Qt 9 7 PT К АР ҮГИ? zum. astee « ПРУ РИТУ ПУТА ТӨШЕРҮ e AA dais AA 
иа и те A AA - TE аа s- "s> sa РР ГҮ? Er Re Ма a 
кү "rmm E АСЕТ mI" wen СУ ИУ AAA Н Це к 
чол РИТУ TE rm NA Ротаны Де ` 
EP" Pd AR a 


ГОУ УУ bo БЕ, T « P 
IIT m E "II un. ЛТ ИТК TAI LLL Mm 

Ni TAO 

sn а“ 712 












PT +6 




























ыле Tid 
ааа 
h БАЧИТЕ 

ЫЛ ТЫ 
Mo LLL n dtd ae 
APS Y ПДС И 
POLI УДА РО ТРИ ЗРНА 








е АТ 
оа Ф Да 9 id "ow = Ее 








. T РО 








ed > * .. m 








n МЯ ГАСИ 
















Ar 


s^ 





| 
|| 





ver mr. 





ee + 
u u Bewer 
u ad 






















PX S pM РА 
эе 
C НЕСОРЧЕ 

К 















| 
| 


и од дао те ва ~ та 

- 4 = LIUM 
Pe EATE ur 
WE b io d 


mr ee 
СА 
EDT ILE mo 
FCU 
ror оъ 
TEL ^ 
РРА СИ EP rr И ЧЕ * чт 4 (Y 49 2 J€. ым „и. | 
4 РРА РАИ р sw ww e. "bou d 
ME i MELDE ЕЛЬ . 0--.. 
ж КК AE A КАДЕТИ nn Ы 
4.-. •еве ret 三 
P re et 
4 TW 
E ++ 
» 4m») 9 4) e m D m 
A А 划 AS m жи 
ЖАТ ык ЕЛ АА ШШ БА 
СТГ: .... ....- " . "ILE Nd NLIS LIS ~ 
ЖТТ ТУТ ЛА АСТ Ла EMI О А ee "9 +2 торочу ьо PT 
РАНО EPI КРЫ LIT Pl -. 
" ҮТИ ТИК ГЕ e "n ` Fega 
ЕЕЕ И И СД Да .? 
TI fo tet .» A ИА 
ote A LI 
I DL +, pa 
a + 站。 TERI 







| 





















= 













LLL 
.. A а 
ПИ и О СЕ ВУ ЈН 
A ү КҮ ar 
PRA 

DAA ANO A a 









E = 
С та 
пари ү 
Ы 


“> о, 









SEC КРИТ CLP d Те moni. 
站 а ы Ls AE rr Т ҮГҮТ ^ m 

B TUM AWO" cn C rm - 'z A E T - 
e. > mo TT E воч ron 2 "nr TIL I2] А 
КОТИ PM ... ~ oe Pus HE Terr Pr DU best he Y Р 5 Ара 
ee es АС вс 24 n «9р. далп AN M 

"LM AlN ULL po. у ern my mt ... М 
TE ~ - ... “e. pro dise mm TE E S S T E 

ж” 420 bae A ,%ы-..-:. EJ „вез во" М ъл. % 4 .. 
rnm TE A, "T " РС 0 DUI E 
ЫГ ы dele Corr I ДО LINES Е 
ИТ lay е 4 PEN СР ПЗЕ ИЛИЕВ T Ln 2 
WIPE ИК er 

AI 

"КАГАМ mn 
T P E ИО 








ЈАЧА СИКА “ай 
A aa » 
КИЫН d o Ze 
ИК I DEP id 
A TI и ымы 
wirt E 
МР AS A o 
ET таче ESE E E E cest, 
— Ó——— ec ЖЕРЕ УТ БЫШ 
Cu Pee T 
A A рр ыр ИНАНА УЕ, КАНЕ Ж АК ыры 
EIER Per ТЕГЕ АКА” ыыы ы ЫЫ 4 
DEP E ОУ У Дада 
"ELLA 
Pe LLL РАСА 
Au LITE I LM E Pl 
Im OI лыг 
65ТЕН 7 manm, M tD AAD, 


- an =p pom. 
E пра до А 2 


























СО ИУ ИРА ЖЕТ 








"i ПОТЛЫ 
[Lr o m 
ILLI 











"E HD 


DUDLEY KNOX LIBRARY 






REED ee 

ы мы ы ы ы ын ү 
a ЭУ ҮТҮКТҮ ЕТКЕ АТН ИИ ЫР УТ БҮ 
> ты ыы ТИ АЗОТ 一 
ПАДА A av Q0 

















.. 
CE OAT 


PL ЖЕ 












o <2 4 ne У РУТ РИМ 
disci DT PET 请 










ы ы е $ 
ГЕСИ ТИТУ » 2 РІГ ЛИЕ ТҮ 
- ТЕЛІ ТРИ ТИТУ ЛОГ ИЕ ы 
TIET] Т Pt ee ке =" = acme. . 
ME тә12%з Ф-Е,е-әе 2% . 9 0. бн е ар 
» Lisa" + ПЕЛИ е М) P AE ПЕТ ПРИ 
.. +8 E py" m" SAA ELA LRL + РТУ ГЕН ЬЬ o LE III P" A 
„== у; И РКО n РУДИНА ы mesmt Н а Рини Е о 
^ ”“ т. M " Јо st oo så ОИ ТИ" ТО лл ОИ ПОРТ РТ 

A » T PE LU "TTL + ра I ar TEET EE F Мы тулды LE MELLE ыы "+ Er „у%„ д9 чи >. M 
- зовем ПЕТИ АА она андар en 4277! 
РИТАМ А МИ т ЗА Ае ы lolo end nr. - e. 
rr ПЕРЕТА КА nr - М т аы 
і - ee g "КҮТ ЖЕТУУ PI PM 
ОТОК а Aorta" 99 a ЖҚА ААА qo T auo жаб ыр E ai 
= У] Der ce TS > meaty СРИ 17 LE Erz zu} 99-554 РРА 
Re тв ак“ ~ И. „i DAA A 
e... TTT Ыш 4 e Кы ЖР A AS 

















Li ПА ы 
кым» үз Арета ^. 


..... Se 







Te N 

ДА И DE ann Am 
To d^ У ПЕРО ВУ ТРАСИ Re re 
» LAM PEE S 
ОУ ДУ РОТ 
WII ITIN 
Hd LAS 
A A 























A ТЫЕЛ ТТЫ 
PEPP T Ка x: 
PS аа mE 
E MEL LI Sareea MI T ER 
A И 8 И ИТ АРТ a E 588 
TE 5 mo pda ds” A IDEA SEE 
М "o АСМА 
A X PERI vertes A Е. , К 
p кеч ПИ ТЫЯ ды " а й Е m E 
d I ЫДЫ кар жатыс ВАН БТА ЖАҚАН о ои Гаје + = "T - АЙЫ of ee Р oF 7 Фет өз а0 8, 
теор пира Онар PELSE ER М ПИ И АСИМ M 
Mec MEL AA AR EA ШКЕ КУ МЕ Е РАЗОРИ ера stammen 2. . 
A ИГИРЕК ЛЕ Дао A ба а ари ДА рана м : 
v » prp 
= ө LZ MIT M m" xu A A 00 
а или m B.E. wo s96 99 c4. Pbahoee — po cetua D cp xe nt S oma m, 398 TEE Oe 
m I E eee Perens ee . P Dr ТУ m 








ы 0 




























Wo olm ЧТ 
ren eR 
Lr И ИКАР ЖЫ 


РУ T ТКТ ККАЛ ТЕГЕ О САЛА tm 





















P 
а А АМА 
чыл А ОЉА тому 7A; 
A AA iion m 
mo EL Y Du LEE MP 
кы РА = Геше Pe с 
За а nn. ПА 

Ерата 



















IIT ee 








EI И 












; x E LII NE LE гаће» 
A AE PALO Az IIA ЖАТТЫ ЕС” 


E 
" 
м 
a reer ee Darn een gu 












ОРАСИ РАИ А] 


ГОД у Аби P 




























































































5 2 PN “Eur nur А А я .. А че а > " TD ve LUTTE EMT 
але o1 94e Lame et 目 Lis L е Ne ups m РА РРА EMI NI "LA rn +e . эе y. .. y / . Е B - Ста i ATA 
Dee S Lo" PETI ET insi 4 т dia ГА ARA А “ зә ай ссе . 3» SP mes ae P V “. eret nm 9. 16: * — s . Hn. » 
F A ТШЕ а + 本 -下 有 站 用 于 二 和 -人 Be tee ама er TETERE РО PETT NT oo "ТТЛ ТРИ ЛИ ©} re 1 е ИЧЕ MILIA ње x ЦИ FF Re 
222 ы A A ato ранчи госел 2 ~ КИРЕР m tg МУЖ ТИСИ MA aU ID burn ИГҮ" ңы AR мы ымыы 
JARA A Ке е АЫ МЕРЕ ба а ЕТ ИВ АИИ Зл ДАЕ ДА „ы а def eda "ыды на Ал, Ыыы аа, а Ааай» Е н ода Ани әрін келије узе ПАДА 
3 Е = таа $ = 6.0%. 0664 moon, = E E E ТЕМИ COTTET EA fh ae >» ы See) КЕНЕ eS idis 
БАТЫ ыы Ce re ee Ba ii = 5.2.4.4». I М + > + LEN pl зе 
3 P PA E He ehe tn А. 2 ПРЕ МТК А ~ mm oe oe СЕНКИ СА Дре Mt ы Сл 2 що" ei AA AAA 
i а rend Beer PANE F^ im x M ei rS pr len P ыйа, АДЫ iibi M iria ч Bs oder қ : E len молы дата, И да ди мы БЫН res “mann 
ah eae Se. IT, іча A ТТ 55 RE [A uper vr MIL WELLE LE LLLI «% en Ы он prts 
ee nO” aes Be E > в ^ P» аты я др tale £e dl om Р Mer MAT 
4 A ја аи eia py ои n cae po astet > =з», ~ > ш 4 
тат", фе a БЫУ? u а ЧА 0и LCD We Te eee ty Par РРА РТ ЕТУ ЫГЫ ОТА TT IRA 
ГЕГУ Iu i СТЯ S hen. o? ТИСЕ ЕСЕ „eo "an МОИ еа и М a ET неч 
Puppe ағарар 卫 | Cour СС РИД Ат ve КИЕ ЫСА УГ ГІТ?) LÀ. igh ш на ас a ci Әлін dd Алынды e ие EE cite ан међи ја ради ај 
P rm ee ағы Here РРА РУТ АИ М > ==» коет WT БЕСЕУ ya rd AL] АЫ O 
PI rn TE ST PTR = um )# +» eta ise ie reir Tie.) NC A ТУ ТІГЕ ГА, ТАРЫК ы н КС И: tip egw eet ve 
о hate 








Ari ОИ РТ ЫТ 







































































































































































A A е л A а .. МЕТО АРСИ ТИ ИКО ТА АТИ ЛООДАК ee ILLE MS HE A A a LL о О P diei 
A un I И АИ У АДА ар А рима пре те EN ..7 LN a: LU VITE А AT РУТ ы Т рыла еден — “Ге маме инс np rry» 
nn En Fa rin pt Here ae, ы + Mir ЫН mE AAA ES TES ЕГЕСКЕ TE мент” МАЛДЫ ДАҚЫЛ LE EZ un ль Ада Tris ETES РИТУ тн ИГ» 
A O ИСЕН AS ido ii 2] er BEE o E q» ok Tir Дена —— n А mon DM RPM Ди и еј ОС д a eee A 
aan a A че пи ЗНА ТИ ЧУ С Га ји а Мы ји кеу Ў A AN PTA PAS ЛЕ КА LN =， - e 4 А A E ILI ene — 
РТА A аи И ead tai ба 2:1 M DT ru ҮНҮ" » "gbae TeBa tuag* (m uo 9 ТРЕТА ТОТ, a> tó eit wee LI Е РИДА. "ЫЫ М Pe НУН A ad ој. 
rl А P PA AAA ланд 5 А РЧ ОИС онча 9 e... > Ра IM КОГА c b 2 РО ИН] 
poem ten err) Con ит Б E ero ae е Ам" РИЗИ ЕЕ ТИТО КЕТТЕ = 7 s 2% y dS EH aL Tan ae НА ы ОДИ кара nr A Моји у Pere rae и таг 
po ri АЈ aye’ ЕГІСТІ, ARA Or ne d Der di Mn et A a тя Унь Bern A В Ыы у а ie БА јен Па да ARIES ee Bi Рта 
МРТ ТИДЫ рекет ыр НГЕ ИРЕК КЛР ИН ЫЛ ЖЫЛАТТЫ С ене Д аон xp N вын Uo Ln pe ~ N в в A ан diei ығ Манкент е тен ыр ар ааа Сақ тела ӘН IE EL ЖА, а ПИПИ ери рана 809-734) 
oe er A T ИРЛЭР Т ЖАН МАДА Ы S ТР КИ УРУУ ТУШУУ "ИРИ ПРО аан T + м O TRA A И АРИС Pd антын қ ГДЕ ДД дылы LLE S TETE STR A AA AO > 
ST nn e А А А АЫ рер ун do m МУТЕР ТК К Ж СИН ОР И НИТ О icd LE Li CeT r E to shoe AA ES Sy ПАД 三 СР У ПУЛА УЛАЗИ И С Eee ee А Apes s ugs Sept 
"EM S А ч т 2 С "9 I DE Я Б р d . Б — 2 A + А ә с: m ~ м " у M PE m f е! г A J У LI E ГР. РА mS 5 
раа о Cd Барлы адын сыры LE: uc evi ure E IS PAT TN ГАР ТО САО ДЕ Bar "m A sen 320 Ра 289 р ar. m ТА. М к Dus де М6 ы > dp loe шү L ЕЗ u Se ie А Мире А re D rt eA 
H я Е E -. ange ы A ^ ae aye prom ЛҮ TT sasae "te Р ВАЗЫ 4%5%: - x М " Д ~ іа: * EMT | у 4 = ыы әлеу 
ii ET и Fm rer RA FE A AAA A se = d н - $ = ae IU P eet ao Tie ee aL O e A IA 
г 2 ~ " үт Г а Да КЕЛА ыы те 5 n ПРУ ee РТ У ИТ ГГТ EPT TI A ИИ qan SER Қы гүү Aim Aus ei Fre s ‚nu. ... 
ae н р ГЕ ВА А 可 қылам etai M PAN УЧЕ с... CIS n А E "a = ^ rina h ee " М =! wee ay ee пестен 
ee RI E е печен ipit in ава ids Рори RE de чаа ДА. КК LRL 5 Миће лије Men b eer ape que Pi er ris S er bled = ra ВАЊА а ра a ipia pee ee m "n E Ан с = ee Leid es PO ee кыыма Re тих - А dl ciar A а ње 
A РИК С ДОЗА А ‚m. татары у A A A АЕ А СРИ ПОАРО АЈ а и ыы, быны. о its МЕ ы “ Р 249; Р Ре " rot "ры, = à s: 有 四 A «ж 
p ais 5 іе а: я: ва T DIT Е t Ҹ DPI dd 1 А =; Ж x ЈЕ a.d ја = "menor PCS T E МТТ ТИ ИГТ] urn. IA ДЕ: пачи m тчағьузев ALL TI Tuer pua y &A te 
Maur tpe So meo Ino PAL RR ныша mom. a Me tnit E d СТИЛ КЕРІ ТЕУЛІ А ДАРТ ТР led A so... E 1. = ^ y > ад e E У en щы 
Е oo "P TA e AAA a a ғ TS ry - ». » ° ET } ТҮГІ ЧИТ pa E e < 让 Г G ы "osos А 5 ЫДЫ BE ie o aa 
СО ыныр PA жа Слот quia ae е руч Индра wars КИЧА T TE Ре Аы TT Ee К Sess po ls Md P . ne EA E срв z Li 2 Аа щы НОН ar асын Мете Тн INGE ED An ИШИН pin 
d Ж S & = СЕ = A «d = ~ Ё Е М + d а "Unten P u 
Ma nr) Eu SE ZN SEIT gases ЊЕ Sr A A ИМЕН ОТ АЛЕ My iene Lm E En BE PIATE "ГУР РА = 19, 66 "TP NASA iat три AL id ТУГЛА ТЛ EI УТО"! 
> a a ER nt сонет рү ЛЕ И ЛО ЛР И КИМ nas LE ЈГ + ~ M АЕС) О А АИ АСС Котан фаред ~ a EN DIM: bis d ehe alo жама елчи 
а ра аад z x = ы В PD ЈИ РИКИ =e ^ = n • 29 z rate с S А Прир ТРИ И ТАИ 
era Кк nn ER nt net a en КА ОРАН ДА ар Це ДРЕ ае Жозе») ғу ке "m +o whe м К Кре РАДА ОЉА КО СИТИ a Lu Lege d A 
X DEW cC P LRL LA br die өйө» f pfe 293 LIRE E М ОРИ at, + кетл Г ТҮР ot a Tage 





"ОТЕЛ КЕ 





4 ОО НАА МИРУ ЯЗ 





ПАСА И а 









































































































































































































































































































































E x = + ~ = Lov я 2 p А N EL # > 
bc A АИ Pese AA БД ада бада rT ie ae КТ РЧ A ОМ ЫЫ ысы, Авио t a Мы а chet есе аты ~ ТЕТЕ алыр ТКТ ОМГ PEE оғы IE DEF ee er o bd 
rd pan > У an ань Bri H ES Вр РИЧИ И АИИ ПИ До ОТ . m, ЫЫ ы А ДА ДА сок = ar е а E АИ ТАЊА РСА ЛЕ Я IT Мы 
іі у H E exte o Fe i Д ans ve е ща поврат а é LETTERS Е REL TTE гании 
ад а аі ige A E ain PEN ЫРА И ИУ ts yo po РУТ A ОРИ РЈ уе I RT 750 Fr de Кы ме куры, ee AA „ә ee ee ы м ТТТ ести УТРУ г. rv 
Y јерм ИУ О-У i PL. abi end IE iri BE TEE Руа е КИМЕ лде aa pcs", mm D E p im TEE LII SR CL ойх 3 Da ПА А АИИ И И 
де леле > PRBE errr tor T И d AA IRA, ЫЫ панике Ирена А EL ern A Gas Lean rey or е Feige terre ip renter ott Cath e E Le СО МЕР Н da 
ILLICITA zn D = 5 м ВЕ ve ^ pl ELA ДА ЗОО » ы. = vi 5 = s М М > = H a wr P 54°, 
A Н л ЕТЕ с er шыр Ср = Fr ш» +» 0 AS og A TE ME a d r erg жібе тен БЕГЕ П СЕКА sem Алады "E m е etz ee pie ee DEE SUR ES 45 14925 E Ра тен ои hy gees 
EL КЕ Г ЫК A т кы shoe РАДАРИ УРАРТУ МУЧНА а ОЉА А А БОА, Ја vid Да E n а - be v B la E ee ДР ИА, Т А РО Т а 
= и Ж Bug е В А а реса x : Розы PO PA TS LT ДОО АЕ ићи ЗАР 
ма x left onde i deed Pn eleg Алы налы mA е аы" а os ы Жа A ak paar МИ А ва ET LEN Желе аланы a 
= -зъ ве на de m Б 7+ M Pia = he а Е Am е. СЕГЕ 785 В PG A з 
rc РО ДО МИН БАЛ I DN. aa por. ES РСК ГР РЕД ЧИТА MY agur «as AT Ми О а р > здер АННА ЫЗ алама LII ЖИ рде pe 
EA ИЯ En NT TIME DLL D] а d ҚЫМ ДА ПИСАЦ Ы ЫЛА алы Fu 0 R Г а 4 - Haar, ИРА КУ КИЕ МР 
Lar - 51 e kahh ТИН ке pO: ТТІ и. С TT ПР ИРА ТИ ras 区 和 ap“ Из У Па ie и SS bs TT 1.33 Qv erg Fuss A 
анна SE rcm a RICO IAN pte ptt PP O Be ДАО И РАЈКА о ОЉА о Ин ead а а ted мр И ара ЧН Е ненна u нч чуен IDE e es mi 
E cb eee sint ен ftot hel Pa c ПР Рат ЖАУУ НИГИ ЕУ НИ ТИ ТЕ рама Жая» эон па а A ern р oet arte FOR" a je "PH = ылы eden PERSE 
$ po PEL DE E LT Ed dein Pi ње а > . %.-: P» МЕ. РИТ ЧИР к "вон родъйевев е ur 48° I hid Къы М А 4 ж =: Ы J 4 ағай! в " чемо ^ 
- m ioris варира одо С тсн “. реа Pa ia к AAA O ГУНЕ LAPIS „ч Ped hate a depu РЪТ Мо ызаның арамы Modes retain ds Ды 
ir? — == 2 5 у r. I LI . G ТУДА wat 2 2 ы) 
ai ч = A С * гт» сб» Arar ib bed clit Мылы чка dos dena qe amicta rri pM 4 M eee АДИ ПА Я PUN" MS 
жыр РР ОЛИ АСИК ЕНЕ УЫ ы а Perr Sere or eer ae ye rere noe РОМАН ДИ сања Mei 20 ві SHE АҚЫ Ы атанды И ха on аси АНИ m ARA d : 4 SH ы 
"үле AA AS FREE Ie ote rs sy pm si 全 四 PENSA E Los ааа рн iiid o dida elg] . plan Pepper ед ана airo id ы Оаа ed Г 
Ма I iiri аи pé л, BREET ЛИГА МЕТ ХАНА O ОМАНА РТ dante ИВА ти По Цој stet Lene aga СС! жж» хө ad re ee Зеро АНА ча SH Ба: дъ Суза + ерме ашны ВВ 
ЕРЕ ЫС "y ee Po. M "UM TES i КИНИ s arta > an 4 АЕ a Р FF 
ЖКТЕ EL ad РУТ Ld Д Д 2 - Vx А " CEPS Се SG МИРУ AAA ТЕРА ТАТЫ АМАЛДЫ А ЫНЫ 
Ка Марса АИЕСЕК БАБУ ЕКИН DEE Yar Y Res САНДАРЫНДА АЛАЛЫ ДА АА A eee dolido. Mage ee pum pa frst елеме ren preg, МИН ЧИНИ и 
reget ernst лав ИН eet er te erat ea арест ооо мене LoS en Me een a, БА ра ДЕРТ pd A AAA рН TE po Mar ГМ Уа er het ESS ESTATE DEN ebria ode ele Saker A АНЫГЫ КГ 
т | ГЕ дас — = DE ег 0. 90 „ос x pas. М а eS hes = " У ЖА dia . ^. А ~ 2 E Rd e tl ы-ы od 
ERRATA AA SS лары Жылдам йір орі ат И ое г OS en = en МИР + n ue к ак "Мше vds rae њи nes ma ЕН со en at рани речи ПРИ би els at Bes cM sapi ird 
a retomo: A A Алам : серија ze» кама „э А а КУРСТ Ту or al PLE YA ni er er E Жер С yn г ~ PS s А С ҮА LE Рана - iid 
prd bu ҚТЫ ары аг ткен деле cm tW ТУУЫ EIL vire End а а на Ben е рды AAN > A qe рф] re o e ofras КЕР ТЛ КТ И РРА ДА РОМАНИ A Г н чина ne САО 
Fer " да + ex. 0 0 FOR ARCA герц дә» "Т МАЈИ ur 1 МЕЛІ 0* en Pty in) РУДАРА ГИ ЕА РРА РТ КИМ PARA РТУ о раје ови ет 55 ына te Се 
RN LEE [Ts E OS = M" РҮҮ sr т... фине ym ~ or E әй >. i ИГРАЧИ ATA TEA ERIN 
Дъф pmi c SEES ht Sh loth tall A A opt Пе Op Rewer Se лави oe ste bat и БАР ничу Рафа ни Ан ин но А Денис Дана ти 
малы АР A АРУЫ МЫЙ Т ЕРНИН ee о ee ias ЕТИУ ооу дт? МИТРА ма МЫСА pl td рт 
E puppe Jean vp a td oid ае ХАНЫ ы > aden eere tuac seien IT Ps A пир Ра po Ea ратара ТИ чан РР rer : О И РВ РА a a a A ATT EE 
er ee ee раје rile hn pete may Tee renee КО о аи laa C ыы ан ee noce rr MEATUS Нана peter ЧЕ А Ope ге урана еа да орн фарму вели етте Ai ltd e o id Орн РА 
Себе оферти КТК АЫ Erud Peep yr A ee Rete Cie EAT. ee re APR пити нара еа сад туы - 2” 4. ae дет РТУ" pun Bele ИРТКИ ОТТИ Р ЫГЫ РЕ erbe 和 
ri деін е) р уран b CO iil c Peer баре R CN NS ST A АБЫДАН lada bead 4 ық је ie cw s күрен үе A Eee Set Ne : zr eh э ми аи LITE LET? LT ПА 
A SS plate RN И ХО А en) а Дафи RT аи: СТЕ ЕУ "II PE LoT м- ыы + ДР "PP D 4 a дане АТЫР ҚАМДАУ? 
AN SA TN NE чаа сте s res ж РШ mye r РС СИ ү Во es Lo ett МАРА RUP DEM p И? 
= . ry eee ИЧКО META OR ТЫШ АР Чете. зле ee ich Pe Eso nude tem 4 " чәч ATA AS РМ 5 oe eat ede be eet Ae te Т 
mo > Re с qM Mura алы цин чү m М 2 ыле 8 5 д Aus E bes ы N еј ее Д ТЫРУ УРА АИ ПА ИРА re retraites 
СИТА pa a a o ire A A ere tcl. MT me eet * =зге эр э + +• uci aulem kei ia + Е ed ee an пуч уча ВРАНА M парења 29 эе монеа о а аы DER PR Pr 
ПУЧ И ПИ ЫМ ыы a aUe ris КА ЫМЫЫ Al n О ЛАН ТИСИ У САТА О И РАСТИ ЛАКА тама дылы а А Lo Ad ке a 3s sert М * viu ++ ее VR i А Pie е y Hae ч в "1 E EU А Fish ч; 1 Bu Чү Рр bet Ад ао атре ЫУТЫ Ы 
па ни ни да ee ee сеща КИТ: 站 о Ае BEN 4 у кіні a а ер ғәр ады әлеті ee, IT er уреју me pe Р brio pedi АТТ 
ДО а ата ве Li уде NEN GIRO UN. у е; EEE Е ER ы oe А ur A ТҮГЕ ЕЭО АТТ PEAT TI t E cu ele DL а ent erg ПИ НИ КИНЕ 
= - БЕ + - E em - o. Li - И - > + са br га ДО РА ТЕ 
и петина пијем ЖАРАН њи и И ари FR s ОС a uu < ВЕ о eh ее tec ЫЫЫ ыу, Миру читати бик o AA dd dr db АИИ 
oi dos "nme MEA ДА A A A FE ЖИГ UTI ИО ен ie ер tes dl d ee дена > <р. x: vit М йе Е res le КМ за ¿ri ыыы ышы Кл ОРИ tay 
д У » : Кы, " M PX ow E $. E СИР wo gen agi $a ul - У 2^ "меф ву? 7 
LADRA RL EO AR RE itd dud V ado i tpa ден ЛОТ АСА A Е ОЕ Vu) e alae! ой aes Е ета ЫА. еее Li еденін de AO ea deret rM er ee а mm 
xen е : А Ае дер“ — А: EPIO Р Ei „ 3 mr Pro и k b + FO? 
AA PARAR O p ad pat A x Дур“ бир PARANA 7090. редь йә LIS Beh Ze Te ы > = a E "AAA тл A A TT E O T RE O ы E TT E T PEN 












